The new thioantimonate(III) (C 6 N 2 H 18 )Sb 4 S 7 (C 6 N 2 H 16 = 1,6-diaminohexane) was synthesized under solvothermal conditions using Sb, S and 1,6-diaminohexane (1,6-DAH). The compound crystallizes as orange needles in the triclinic space group P1 with lattice parameters a = 6.9834(5), b = 11.8748(10), c = 13.6588(12)Å, α = 115.248(9), β = 100.165(9) and γ = 92.568(9) • . A central SbS 4 group shares edges with two other SbS 4 moieties forming Sb 3 S 8 units which are joined by SbS 3 pyramids sharing vertices to form a chain of alternating Sb 3 S 8 and SbS 3 units. One S atom of the SbS 3 pyramid connects neighboring chains into sheets which contain large Sb 10 S 10 heterorings. The sheets are then further connected into four atoms thick double sheets. Six edge-linked SbS 4 units are condensed yielding a complex Sb 6 S 14 building block. Layers of diprotonated amines and thioantimonate(III) layers are stacked along [001] in a sandwich-like fashion with an interlayer distance of 8.46Å. The amine layer is two molecules thick with the amines being oriented parallel to the anionic layers. The title compound represents the first example for a layered [Sb 4 S 7 ] 2− anion with a diamine as structure director. The compound is an optical semiconductor with a band-gap of about 1.9 eV.
Introduction
Thioantimonates(III) exhibit several chemical and structural features resembling the chemistry of silicates or zeolites. Analogous to structures of silicates with isolated anions, anionic chains, layered anions and three-dimensional networks, also thioantimonates(III) are known which contain isolated ring anions, one-dimensional chains, two-dimensional layers and three-dimensional networks. In addition, silicates show a large range for the Si : O ratio and this phenomenon is also found in thioantimonates(III). The Sb : S ratio varies from 1 : 1.625 to 1 : 2 and examples are [Sb 8 S 13 ] 2− [1 -5] [6 -10] , [Sb 6 S 10 ] 2− [11 -13] , [Sb 9 S 15 ] 3− [13] , [Sb 12 S 20 ] 4− [14] [24] . Of these, only K 2 Sb 4 S 7 [15] shows a three-dimensional [Sb 4 S 7 ] 2− anionic framework, and with increasing size of the cation, the dimensionality is reduced to twodimensional layers and finally to one-dimensional chains [23, 37] . The compounds with organic amines as structure directors may be regarded as inorganicorganic hybrid materials, with the arrangements of the organic ammonium ions being often reminiscent of what is observed in layered clays. For instance, in vermiculites with a high layer charge, the alkyl-ammonium ions adopt a paraffin-like orientation. In addition, in many organically 'templated' thioantimonates(III) the -NH 3 + groups adopt a special arrangement with respect to the S atoms of the thioantimonate network [10, 38 -40] . It can be assumed that this special orientation of the ammonium groups allows H ··· S bonding interactions. Furthermore, in the layered compounds the interlayer spacing covers a large range from for instance 6.56Å for (C 2 H 5 NH 3 ) 2 [28] . In our continuing work in the field of solvothermal syntheses of thioantimonates(III) we applied 1,6-diaminohexane as 'template' with the aim to prepare a layered thioantimonate(III) with the diamines acting like 'pillars'. Here we present the crystal structure and optical spectroscopy data for the compound (C 6 N 2 H 18 )Sb 4 S 7 .
Experimental Section

Synthesis
The compound (C 6 N 2 H 18 )Sb 4 S 7 was prepared under solvothermal conditions in a Teflon-lined steel autoclave. A mixture of Sb (1 mmol) and S (3 mmol) was heated for 7 d in 4 ml of 1,6-diaminohexane. The product was collected by filtration and washed with deionized water and acetone and dried in vacuum. The compound crystallizes as orange needles and is stable on air. The yield of the product was about 90% based on Sb. (C 6 N 2 H 18 )Sb 4 S 7 (829.5): calcd. C 8.4, H 3.2, N 2.0; found C 8.2, H 2.9, N 1.7.
X-ray structure determination
The X-ray intensity data were collected at 293 K using a STOE AED 4 with graphite monochromated Mo-K α radiation (λ = 0.71073Å). The raw intensities were treated in the normal way applying a Lorentz polarization correction. The structure was solved using SHELXS-97 [41] . Crystal structure refinement was carried out against F 2 with SHELXL-97 [42] . All non-hydrogen atoms were refined with anisotropic displacement parameters. The hydrogen atoms were positioned with idealized geometry and refined with fixed isotropic displacement parameters using a riding 
Spectroscopy
The Raman spectrum was measured from 100 to 3500 cm −1 with a Bruker IFS 66 Fourier transform Raman spectrometer (wavelength: 514.5 nm, T = 20 K).
Results and Discussion
The new compound (C 6 N 2 H 18 )Sb 4 S 7 crystallizes in the triclinic space group P1 with all atoms located in general positions (Table 1) . For the discussion of the structure Sb-S distances up to about 3.1Å are considered as bonding contacts. But one should keep in mind that Sb-S distances scatter over a large range from about 2.3 to 4Å and therefore, the assignment of the dimensionality is often arbitrary. The primary building units (PBUs) of (C 6 N 2 H 18 )Sb 4 S 7 are one trigonal SbS 3 pyramid and three SbS 4 units (Fig. 1) . The
Sb-S distances in SbS 3 groups scatter less (2.390(3) -2.562(3)Å) than in the SbS 4 moieties (2.412(2) -2.967(3)Å) ( Table 2 ). In the SbS 4 groups the two long Sb-S bond lengths are in trans position and the angles S-Sb-S are about 165 • . Sb-S bond lengths and angles are in the range observed in many other thioantimonates(III) [15 -28] . All Sb atoms increase their coordination spheres with S atoms at distances up to 3.8Å (Table 3) forming another SbS 4 group (Sb (1)) and three distorted SbS 5 rectangular pyramids. The layered [Sb 4 S 7 ] 2− anion is constructed in the following way. The Sb(2)S 4 group shares edges with two other SbS 4 moieties forming an Sb 3 S 8 unit as a secondary building unit (SBU) (Fig. 1) . These SBUs are then joined by SbS 3 pyramids sharing vertices yielding a chain of alternating Sb 3 S 8 and SbS 3 units (Fig. 1) . The S(1) atom of the SbS 3 pyramid connects neighboring chains to form sheets within the ab plane that contain relatively large Sb 10 S 10 heterorings (Fig. 1) . These sheets are then further connected through S(5) into four atoms thick double sheets (Fig. 2) . The double sheets contain six edge- linked SbS 4 units yielding a complex Sb 6 S 14 building block (Fig. 2) . The individual layers are stacked along [001] with the diprotonated amine molecules lying in between (Fig. 3) . The two N atoms of an amine molecule are directed towards S atoms of one thioantimonate(III) anion, i.e. the amines are oriented parallel to the anionic layers. Along [010] the orientation of the amines is ...up-down-up-down... to form a two molecules thick organic layer (Fig. 3) and the shortest interlayer distance amounts to 8.46Å. All H atoms bound to the two N atoms are involved in H ···S bonding interactions with distances ranging from 2.369 to 2.997Å with corresponding N-H ...S angles between 120.46 and 167.32 • (Table 4) .
A short comparison with the hitherto known organically 'templated' compounds containing [Sb 4 S 7 ] 2− anions is given here. The topology of the anionic network of the title compound is very similar with that of (C 2 H 5 NH 3 ) 2 Sb 4 S 7 [25] [28] , and only small differences are observed for Sb-S bond lengths and S-Sb-S angles. But in all these compounds the structure directors are mono-amines. The structures of the two compounds with diamines, (H 3 N-(CH 2 ) 4 NH 3 )Sb 4 S 7 and (pipH 2 )Sb 4 S 7 as well as that of (C 6 H 20 N 4 )Sb 4 S 7 with a tetramine contain a thioantimonate(III) chain anion. Therefore, the title compound is the first example with a layered [Sb 4 S 7 ] 2− anion containing a diamine as structure director.
Optical spectroscopy
Charge compensation requires that the amine molecules are diprotonated in (C 6 N 2 H 18 )Sb 4 S 7 . In the IR spectrum the absorptions located at 1068, 1473, 1552, 1635, 2858, 3108 and 3400 cm −1 are typical for R-NH 3 + groups. In the Raman spectrum (Fig. 4 [44] . The optical band gap of the compound was determined from the transformed UV/vis diffuse reflectance spectrum in the usual way (Kubelka-Munk relation). The optical band gap of about 1.9 eV indicates that the compound is an optical semiconductor.
Summary
The new compound (C 6 N 2 H 18 )Sb 4 S 7 with diprotonated 1,6-diaminohexane molecules is a further example for the flexibility of thioantimonate(III) structures to adapt the size and charge requirements of the structure director. In the present compound the diamine molecules are parallel to the anionic layers with the NH + 3 groups oriented towards S atoms to ensure optimal S ··· H bonding interactions. An interesting question is whether it is possible to synthesize a layered thioantimonate(III) with diamines which act as 'pillars' between neighboring layers. Syntheses with diamines with less conformational flexibility are under way to prove whether such thioantimonates(III) can be prepared.
